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Purpose

In the Asian countries of the remarkable economic growth,
it is the big issue to address the massive increase in demand
for water in urban area. In such a situation, a policy to
promote actions such as the international standardization of
Japan’s technology, planning is proposed in the growth
strategy in our country. As the part, the discussion of a
standard for the reclaimed water in urban area is carried out
under the Japanese initiative in the northeast Asian standard
cooperation forum consisting of Japan, China and Korea.

The purpose of the international workshop is to exchange
information about the status of water reuse of each country
and the research trend of the advanced technology and to
exchange opinions about the policy of future international
standardization, gathering the expert and the people in
charge of the organization of three countries.

Achievement and Results

At the beginning of workshop, Mr. TAKASHIMA Eijiro,
director for Watershed Management of Ministry of Land,
Infrastructure, Transportation and Tourism (MLIT) and Mr.
KITAHASHI Kenji, Mayor of Kitakyushu city addressed the
opening remarks on behalf of the organizer. In their speech,
the significance and expectation to the result of workshop
were expressed.

In the beginning of keynote speech session, Prof. TANAKA
Hiroaki of Kyoto University made a presentation about urban
water use in consideration of water safety management.
Secondly, Prof. HU Hong-Ying of Tsinghua University gave a
lecture titled water reproduction in China and the use -
standard and water quality management. From Prof. LEE
Sangho of KOOKMIN University, there was a lecture about
membrane technology for wastewater reclamation: current
and future perspectives.

A panel discussion session followed. In the beginning of
the session, there was a report about the trend of
international standardization for wastewater reuse and
present status of wastewater reclamation in Japan from Mr.
TAKASHIMA Eijiro of MLIT. In addition, there was a report

about the water reuse from Fukuoka city, and the overview of
“water plaza” was introduced from city of Kitakyushu. In this
session, it was discussed about the target quality of
reclaimed water, the importance of the management system
standard for the reclaimed wastewater reuse and so on.
Through this workshop, participants were able to deepen the
understanding about the need of the cooperation of three
countries in the field of water reuse and its international
standardization.

On January 11, "International meeting for Reclaimed
Wastewater Use in Urban Area” (RWUUA) was held by the
committee members. The members visited “Water plaza” in
Kitakyushu on January 12.

facilities in “Water
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International Workshop on Reclaimed Water
Use in Urban Area

10 January, 2012
Kitakyushu International Conference Center

Organized by
Ministry of Land, Infrastructure, Transport and Tourism,

City of Kitakyushu,

Kyoto University Global COE Program
Global Center for Education and Research on Human Security engineering for
Asian Megacities,

Japan Science and Technology,

Core Research for Evolutional Science and Technology,
Development and Evaluation of Water Reuse Technologies for the
Establishment of
21" century type Water Circulation System
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[Time Schedule)

13:30~13:35 OO0pening Address:  Ministry of Land, Infrastructure, Transport and Tourism
13:35~13:40 City of Kitakyushu
OKeynote speech

13:40~14:10 kOZEEEEER UICEHICHITSKRA

Urban Water Use in Consideration of Water Safety Management

Prof. Hiroaki TANAKA (Kyoto University)

14:10~14:40 MPEICHIFDTKBECBNA | REICKEEE)

Wastewater Reclamation and Reuse in China -Regulations and Water Quality Management-

Prof. HU Hong-Ying (Tsinghua University)

14:40~15:10 IMRKBEDIZHDER | RIREHREE

Membrane Technology for Wastewater Reclamation: Current and Future Perspectives

Prof. LEE, SangHo (KookMin University)

15:10~15:25 brake

OpPanel discussion
15:25~16:55  Theme: BAKNRADERRRBICAIITT - KBHOSKZEVRIAY bA -
Global Challenge for Reclaimed Wastewater Use-From Water Quality to Water Safety Management
for Water Reuse-

Coordinator: Prof. Hiroaki TANAKA (Kyoto University)

Panelist: Prof. HU Hong-Ying (Tsinghua University)
Prof. LEE, SangHo (KookMin University)
Mr. Eijirou TAKASHIMA (Director, MLIT)
Mr. Fumihiko TANAKA (Director, International Water Business, City of Kitakyushu)
Mr. Kouji SHINODA (Director, Sewerage, City of Fukuoka)

Dr. Osamu FUJIKI (Co-chairperson, Japanese Mirror Committee of 1ISO/TC224)

16:55~17:00  OClosing address:  Prof. Hiroaki TANAKA (Kyoto University)
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International Workshop on Reclaimed Water Use in Urban Area -From

Water Quality to Water Safety Management for Water Reuse-
held on January 10, 2012 at Kitakyushu International Conference Center

Urban Water Use in Consideration of
Water Safety Management

Prof. Hiroaki TANAKA

Kyoto University

Research Center for Environmental
Quality Management

B movtanao [ fom 20 % 0%
tom 40 % o 20 % [ less than 10 %

UNEP (2008), Vital Water Graphics - An Overview of the State
of the World’s Fresh and Marine Waters. 2nd Edition. UNEP,
Nairobi, Kenya. ISBN: 92-807-2236-0

3
Environmentall Sound Technology (EST)

e Agenda 21 Chapter 34

e ESTs are
® Protect the environment
® Are less polluting
e Use all resources in a more sustainable manner
@ Recycle more of their wastes and products
e Handle residual wastes in a more acceptable manner
than the technologies for which they are substitutes

e Wastewater Reclamation and Reuse is an EST

4
Advantages of Wastewater Reuse

® Recycled wastewater can serve as a more
dependable water resource

® Less affected by drought, close location to water
demand, containing useful constituents and heat

e Wastewater reuse leads to reduce water
consumption and treatment needs
® Less costly, reduction of infrastructural needs

e Wastewater reuse can allocate more freshwater for
water demand requiring more high quality

e Environmental protection through reduction of
pollutant discharge & preserve natural water cycle

e Water reclamation can contribute to low carbon
® Reduction of water transport & wastewater treatment

5
Public Health & Environmental Risk Minimization

e Untreated wastewater may include
waterborne infectious bacteria, protozoa,
viruses, helminthes and hazardous
chemicals

e Evaluate a trade-off between the benefits
and potential health risks of application

e Inappropriate application of reclaimed
wastewater may cause contamination of
surface, groundwater & soil

Hazard in Reclaimed Wastewater

(Tanaka , 2002)

Urban Agricultural | Environmental Potable
Applicatio Irrigation Application Reuse

Toilet flushing, [Vegetable eaten Recr:::onal Indirect,
Process water, in raw, . . Groundwater
River flow
recharge

Urban irrigation| Crop, Flower

Pathogenic
Risk

ical Risk
(human)

augmentation

(ecosystem/
environment)
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Beneficial Uses of Reclaimed Wastewater in Japan
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Reuse Criteria of Urban Use in Japan(MLIT,2005)
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California Wastewater Reclamation and Reuse Criteria
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Safety depends upon

e Pathogen type (ability of infection)
o Amounts of Ingested Pathogens
e Pathogen concentration in reclaimed water
e Amount of water intake
® Degradation of pathogens in the environment
e Exposure frequency
o Annual infection (mortality/mobility) risk
by some pathogens can be quantitatively
estimated depending on reuse scenarios

Sigle exposure infection risk
= N = - o
q o (=] o o

3 & % 1 2

Polipvirus 1 #1 -#5
— Echpvirus 12 #8 & #9
— — —¢ Rotgvirus #10 & #11
—d 10
5 -—-1n
10" — i —
10”7 10° 0.001 0.1 10 1000

Dose, number of viruses

(Tanaka et al., 1995)




Microbial Quantitative Risk Assessment (QMRA) o

Microbial conc. in sewage |

Reduction Inactivation b

during treatment ——— * -——— Disinfection etc

Microbial conc.
in reclaimed water

Environmental — Ingested water
reduction > - amount
Ingested microbial # I
Exposure Dose-response of
—> 4 .
frequency * specific pathogen
| Annual Infection Risk I
Mortalit;
/Morbidﬁy/ rate —> *
|Annual disease/death Risk I

(Tanaka et al., 1995)

Risk Management
e Acceptable/tolerable risk
® USEPA assumes 10 /year of infection risk
acceptable for drinking water(1988)
® WHO & Australian Guideline for Water
Reuse assumes 10 of DALYs acceptable
® DALYs = Disability Adjusted Life Years
=YLDs( Years Lived with Disability) +
YLLs(Years of life lost)

e Adequate removal efficiency for specific
pathogens can be estimated quantitatively

To Achieve Goals

® Appropriate wastewater treatment for
effective disinfection

e Additional treatment if necessary

e Alternative is to take longer time before
exposure / water storage/ sunlight
maturation etc

e Consider multiple-barrier concept
including application practices besides
treatment /irrigation method, harvesting
period after irrigation etc

Reu eNa

California Title 22 Facilities (Biological treatment followed by
coagulation, sedimentation, filtration and chlorination to
achieve 5-logs reduction of viruses)

How safe these scenario?

Scenario2
Agriculture Irrigation to eaten-in-

10ml/day @
365day exposure
Harvest Two weeks after last

watering 100ml/frequency

@ 40days/year

Daylight killing of pathogens

1ml/play@
Twice/week
Play in the
morning
after night
watering

Viral Occurrence in STP Effluent in CA -

Standard deviation (Tanaka et al-; 1998)
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Log-Virus Removal Efficiency of Water Reclamation Process complying
with Title 2 in Pomona virus study (Parkhurst, 1977)




" Example of Monte Carlo Simulation

(Tanaka et al., 1998)
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Infection Risk of Golf Player by course irrigation

| Annual Infection risk

(Tanaka et al., 1998)

Treatment system

Tertiary treatment OCSDTF OCSDAS PomonaAS MRWPCAAS

Golf course

System | Scenario | 1.4E-06 1.1E-07 5.5E-07 6.0E-06 Héﬁ?ﬁigﬂ're
Full Treatment Scenario Il 5.3E-09 3.7E-10 1.5E-09 2.1E-08 1rrigation
(5.2log removal) [scenario”1:3E04  13E-05  1.0E-04  6.8E-04 [Fre
System Il Direct [scenariol 28605 22608 1.1E05 1204 | poeser
CI2 of secondary Scenario I __1.0E-07 _ 7.5E-09 _ 2.9E-08 _ 41E-07 joncuiure

Scenario Il 2.6E-03  2.6E-04  2.1E-03 1.3E-02 | Swiming
effluent (3.9 log 4 J o g Tter
removal)

Golf course

System IV cenario

Irrigation
IAgriculture

Scenarioll  8.3E04 59E05 23E04  33E03 [rgation
Scenario ll__1.0E+00 _ 6.2E01 _ 6.7E-:01 __ 1.0E+00 [3mn9

Unchlorinated
secondary effluent

(0 log removal)

Required Viral Reduction in Reclamation Process to 21
(Tanaka et al., 1998)
ASTP B STP C STP D STP

Golfcourse (3.9—Log |27 —Log |2.3 —Log |3.9 —Log
Irrigation

Irrigation 15—Log |04 —Log |0.0 —Log |[1.5—Log
for raw
eaten
vegetable

Recreation |58 —Log |4.6 —Log |4.2 —Log |5.8 —Log
(Bathing)

USEPA assumes annual one infection per 10 thousand population is acceptable for
drinking water

Basic Research Program by Japan Science and Technology Agency 22

Innovative Technology and System for Sustainable Water Reuse
Development and Evaluation of
Water Reuse Technologies
for the Establishment of 215t century type

Water Circulation System
Fiscal Year 2009-2014

Team Leader Hiroaki TANAKA Kyoto University
Group Leader Yoshihisa SHIMIZU Kyoto University
Hiroo TAKABATAKE Toray Industries, Inc.
Yasuhiro KATO METAWATER Co., Ltd.

National Institute for Land
Masashi OGOSHI and Infrastructure
Management

Public Works research
Yutaka SUZUKI Institute

Tadao MIZUNO Kyoto university
Shuhei TANAKA Kyoto University

Reguirements for 21st century type urban water cycle

20th century type 21%t century type urban water circulation 1:
Urban water use in this project
Advanced drinking
water treatment
@ Supply of water wnh
Reduction of requlremd'fferem wate[ qualny
Equivalent water resource
water qualltm i e
One-pass discha crease
water@ Sludge Cascade
1 watgr use
Discharge of % %’
22 ":a:’d Integration of centralized
wag v A & decentralized systems
<
Development of new water treatment system eg Membrane and Og process
-> Shift from ONE-PASS to CASCADE WATER USE
= Urban Water Circulation System requiring lower abstraction from natural
water resources and emiting less environmental pollutants

Project Research Scheme

Monitoring and
Developmentof
/‘ Water treatment technologies.
Ei

nergy Evaluamn T ,‘

treatment exp.

\
se t i :
“ g eisnsifﬁzr:nce of |Establishment of 215 century type

Sewageworls  Watersupoly urban water circulation system

)\ l Risk amalry/sis

ch I risk
Characterization Mk
of NOM and membrane foulant ~ Application to Okinawa, China and Pathogenic risk

Treated water

fractionati Vietnam iar urban & agriculturalwa\er i
Tractionation ' "i""' =] Vietnam

Okinawa
=~




Development of new water, treatment system

ilrace chemicals: Byproducts: Virus: Toxicity monitoring
ALl R e R D AL

System combined with Organic Membrane, Inorganic Membrane, O, and AOPs

Pathogen monitoring
Monitoring and inactivation mechanism
identification of intestinal viruses such

as Norovirus

River water.

- Indirect potable

River water: ‘
Lake water |
- J
Pretreatment) MFE /UF
Membrane

Coagulation Membrane

treatment mgmam M

Chemicals monitoring
Evaluation of New system through monitoring of more than
100 chemicals : Water reuse-related General items,
Fluorinated organic compound, and Bioactive compounds
New water (Pharmaceuticals including EDCs, Tamiflu)
treatment Toxicity and Risk assessment for aquatic

system anisms and human

- Ecological risk assessment using Algae*

Crustacea-* Fish etc.
- Toxicity assessment using human cell (
- Toxicity analysis using microarray etc. .\.

P> Others
* ; * ( Groundwater
;z ") Recharge etc. )
L%‘ Industrial

NF/RC

Membrang

Investigation of
T atment performance

Treated
water

potable ’ Recreational  Agricultural water
water Toiiecwater  Garden water water water

H . . . . 28
Risk Management Strategy of Water Reuse Risk Evaluation of Water Applications
Risk Management by Systematic Preventive Methodology ~ for Human Health Risk Evaluatiod ~Exposure Scenario~
Hazard Assessment Management of Critical Risk
for Critical Control Applications for Risk Management of Food, Drinking - Classification of Increasing Future Application (1/2)
i Water etc (FAO, WHO)
Point(HACCP) ( ) Application | Major Usage Persons exposed to risk Risk Scenario
Initial 5 Step of HACCP 7 Principles of HACCP Identification of Critical Rice + Farmer - Pollution of crops by pathogens
Control Points (Consumer) |
“Extracting Hazards, Leafy vegetable Consumer - Accumulation of pollutants in the crops:
izati Identifying Hazard & Prevention ideri i =
Team Organization ying considering their Agricultural . (Consumer)
[ Ciitical Control Point | frequency and effects, Water Leafy vegetable |~ | Processing worker = | - Indirect ingestion (Fammer.or
lentifying Critical Control Point N ifyi iti rocessin i
Product Explanation ifying Identifying critical (P! 9) Neighborhood N_Elg_hbo_mo'ld) _ v
control point based on Root vegetables o NEFISTE -Risk is different according to kinds of
Setting Critical Level(CL) risk level (importance (radish etc.) i crops
Product Instructions of management) - - - - -
Determining Monitoring Method Recreational ~Workers *. Unintentional Drink during recreation
; etermining Monitoring Methods i - -
Applying and d d Where evaluation Water: E=ting -Public(Children) -+ Intake on hand
verifying Water takes into .
Application Setting Improvement Action consideration of results Landscape [-O"9" . Workers- Visitors * Splash/mist
Scenarios Water Impoundrhent - -

N of Quantitative - Public(Child . . A "
Expanding further o Microbial Risk [Fountain-Fall - Public(Children) -L Drink by Children
development Verifying HACCP Plan Assessment(QMRA), + Workers: Residents " Intake by Sprinkling Water %

Documentation and Record DALYs ete in for (Lawn Garden) _— . "
effects Urban Irrigatl Golf Course- — |+ Players — | Unintentional Drink by Children
(£l [P, . Public(depending on —_
s - : imgaﬁfm i dg) . In-directive Exposure of Public Access
(Okamoto, 2011)

(Okamoto, 2011)

5 . 30
R |Sk Eva I uation Of Wate r Ap p | ications Risk Management Method of Reclaimed Water
Human Health Risk Evaluatlon\ ~Exposure Scenario~ Investigation of the reclaimed water risk management based on HACCP
- Classification of Increasing Future Application (2/2) » Assumed hazard was investigated in each process of agricultural uses
Application | Major Usage Persons exposed to risk Risk Scenario
Sewage flo Sewage Reclamation Transmission
. Residents, Public (Fishing, “Unintentional Drink in pipe line | | Treatment, process | pipe line
River Flow Augmentation | | o5t etc) _ | *Accidental drink by children problem of problem of o
) Bad quality Seawater control control Pollution in
sewage intrusion managemen management ) impoundment
Employees Dermal intake by Is 1 f begradation Degradation of Intrusion of Water quality
N ;o ! *Dermal intake by aerosol ncreasing of Rainwater treated water rainwater or
:,r;:?es:nal Cooling tower s (Emplyces, Residents) infien intrusion | of treated quality groundwater e
%mﬂﬁ‘mialc w?ter *Residents near *Dermal exposure by end-users quality Remaining of
gy o mandictues ‘ )
Flashing Flashing Toilet _.|" Users _.Indirect intake by aerosols su:shﬁ"ce
Water Water - Workers (Users, Workers) ol be
Indirect Groundwater - reduced
Recharge Drinking water users .
Potable R/assrv’givs(Dlinking - — e
Use water sources)
D\;:' prevention water “Water users Splashing water to workers, other public !
Others | Snow melting water — | *Workers -
Exlmgulsmng fire: Bad quality Consumer
i sewage Mistake in flow control iake
. N Growtt
Water qualty Failure of equipment obition
degradation
m_lhe case of
(Okamoto, 2011) Grought (Okamoto, 2011)




Development of Microbial Risk Assessment Method &l
of Reclaimed Water

Monitoring of pathogen concentration Evaluating reuse

- Clarification of virus concentration in \ applications of the
water, and virus reduction of reclamation ) reclaimed water
processes

[ Existing treatment processes ]

[Influent of sewage]:>[0rganic Membrane Filtration ]:>[ Reclaimed water]

l Ceramic Membrane Filtration I After Before
+ Ozonation Treatment Treatment
‘ Understanding of
reduction characteristic

105 106 Virus concentration

Probability density
Probability density

Virus concentration

(Okamoto, 2011)

Evaluation of pathogenic &chemical risk of ::
reclaimed water to human

v Ex. of Secondary effluent w/ PAC/UF (Assuming 3.86-Logs reduction) J
n

v'Application io : Farmer infected by Noro virus in agriculture irrigatio
v’ Assuming Noro virus ID;, = 100 cells
900 Tolerabl =10% ( DALYs /person- year)

Median
6.6X10*

2

2
8

Secondary effluel

95%tile value
6.9% 104

Frequency
e
2

}
Lsx10h axio
Disability Adjusted Life Years(DALY's
Intake 95% value of DALY

Exposure | Intake per | ¢ o o v | (DALY/person-year)
condition one work

5x107 Tix 100

(daylyear) ID5=100 for NV
Paddy field . 0.3 mL 27.2 3.8x106
Worker Indirect
Flower planting ingestion 0.1 mL 20 9.4x107

» v'Reclaimed water can be used for irrigation to flower planting
vRice paddy irrigation might require extra reduction

ercoming Risk & Energy (Cost) Trade-off :

v[Less environmental impact /energy spending urban water system
v[Treatability of various risk agents of new treatment technology
v/Proposal of Risk-based water usage considering energy-risk trade-off

high 4
Current risk energy
technology - S=—
Enw‘r’%\'m'gntal
i l ‘ Agncultural
Risk water
. e Recreatwnal
|(‘:’|an_|2 of afety developing : - water "
onsiderirg tech logies/system b
Frequency Sy : y '”ulre"t
Environmdntal redtiGfeR! savi ...sa er pv%taaglre
Applicatiop igeletc. . " K

Thank you for your attention
Contact : htanaka@biwa.eqc.kyoto-u.ac.jp

Further information of this project will be obtained by
http://www.wcs21st.jp/member/index.html

And Poster Session in this conference hall




International Workshop on Reclaimed Water Use in Urban Area
-From Water Quality to Water Safety Management for Water
(Jan. 10, 2012@Kitakyushu, Japan)

Wastewater Reclamation and Reuse in China

—Regulations and Water Quality Management—

HU Hong-Ying
School of Environment/Graduate School at Shenzhen
Tsinghua University, Beijing/Shenzhen, Chi:;&_ B

Jan., 10, 2012 !
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OUTLINE

Water Environmental Problems in China
Regulations and Policies for Water Reuse

¢ National Criteria and Standards of Reclaimed
Water

Reclaimed Water Reuse in Beijing

Challenges for Risk Management of
Reclaimed Water

+ Future Works I

1.Water Environmental Problems in China

Water Environ. Problems in China

o ] T Il Y = B2 /K B 0] /i

Water Environ. Problems in China

(1)7k iR 8 B fE#l(Water Shortage)

o Water shortage

Per-capital 2,200 m%a, i.e., 1/4 of world average
Beijing: only about 300 m?/a. capital
¢ Unbalanced distribution of water resource

Geographical distribution: More at south, less at north;
annual rainfall <400mm/a area: 45%

Seasonal distribution: Rainfall at arid and semi-arid
region concentrates on July, August, and Septemb 0%.
of the total volume) : 4

; i (1T ah
reLmama s - 1B

-

Water Environ. Problems in China

(1)7k B iR R EH(Water Shortage)

North area: Water resource shortage for a long time
South area: Droughts in recent yeaig 2010.10~2011.2

20054 A7k

2009.11~2010.3,
2011.1~5 FE A

A0S AR ENE
(L)
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weE 100
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Water Environ. Problems in China

(2)7K Ri5 & #l/ Water Pollution
Water quality classes in China

Headwaters of a water resource

_ 15t class of drinking water resource

2nd class of drinking water resource

2 ClassIV Water resource for industrial use

_ Water resource for agncultute use
Can not be usedﬁfm‘rpose

Water Environ. Problems in China

(2)7k 52 fEHl/ Water Pollution

National standards of surface water quality (mg/L)?

(0.01)" [(0.025)"/(0.05)"

Class I II m | Iv | v
NH;-N | 0.15 0.5 1.0 | 1.5 | 2.0
T-P 0.02 0.1 02 /03|04

(0.1)b](0.2)°

T-N° 0.2 05 | 1.0 | 1.5] 20
aSelected from GB3838—2002 J
b For lake and dam only ]
TY W t.i
Iﬁt i L

Water Environ. Problems in China
(2)7k BRi5ZEH1/ Water Pollution

Pollution of the seven water systems is still serious
In the Haihe River, water quality of 42% sections are Class V,
losing the function as water resource, landscape and others

Ll (%)

KIL U PR BB R A L
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Available Water Shortages
One of the limits of economic and

development in China

Wastewater Reclamation & Reuse

Essential approach for conserving and

extending available water supplies

Wastewater Reuse in China

2.Regulations and Policies for Water Reuse

National Program

Issues:

‘Water Reuse

>

National Program of Regulations and Policies

Water Conservation

&
Policies

* Programs & plans
Regulations . Treatment system & techniques
* Industry standards
* Promotion & Management

¥

Local: Demonstration projects

Drivers:

Requirements

Encouragement

S L LT ]




Progress of National Regulations and Policies

1996 MOC (Zi&38) (i KR IEEIREITHE)

® Promotion of the use of reclaimed water

2000 The Sate Council (El558z) (X TF MBI K YK FIKIS R TIEAEE)

® Regulations on wastewater treatment utility

2003 MOC (B2i&#) (KTt —SIRmm 54 A FMRIE#R K 22 TIEREH)

® Emphasis of water conservation and water supply security

2004 The Sate Council (E1$5B%) (X TFHEFKMNBEARZE T L K RIFK BHRAVIEBE)

® Combination of water resource development and water pollution control

® Comprehensive promotion of wastewater reuse

2005 NDRC (R24E) (o ETIRBABERAH)

® Promotion of municipal wastewater recycle technology

®  Optimization of recycle technology and distribution system

2006 MOC (Zi&3B) (i is/kBE R ARARBER)

®  Conducts of criteria and standards

®  Guidance for development of recycle technology and rel v

® Reference of urban water environment managementu i

Local Regulations and Policies— Beijing

< Beijing:

“ In 1987: Management Regulation of Reclaimed Water Facility in
Building of Beijing {JtR P KIGHEEEERBIRITINED
The first regulation released in China. Reclaimed water treatment
facilities were required in the new construction projects.

* In 2002: Master Plan Outlines of Municipal Wastewater Reclamation
in Urban Area of Beijing” (It X 5/KOIE BEKER
BRHRIRED

Reclaimed water capacity must be promoted within the years from
2002 to 2008.

* Beijing 2008 Olympic Games bid report {20084F Bz & IR &)
The recycle rate of wastewater was promised to elevate 0% . .fhe

rate reached to 60% in 2007 ahead of schedule E R
‘m il i

Local Regulations and Policies— Tianjin

< Tianjin:
In 2003, “Management Regulation of Wastewater and Reclaimed

Water in Tianjin” ( {RETHIMAHOKFBEKFIRERESG) )

* Principles of wastewater and reclaimed water management:
Unified planning, systematic construction, integration of
construction-maintenance- management

» Treatment principle: Combination of centralized and
decentralized Treatment process.

* Industrialization: variety of investment modes were encouraged
to promote the industrialization of wastewater treatm .y

water reclamation. - é {x vzt
ol P I i !'H

3. National Criteria and Standards
of Reclaimed Water

Technical Policy

% {National policy for water saving technologies) (2005)

» Technologies of municipal wastewater reclamation and reuse
- Municipal wastewater reclamation and reuse
- Building reclaimed water
- Subcommunity wastewater treatment and reuse
* Technologies of industrial reuse
- Recirculating water system
- Steam condensate reuse
- Wastewater reuse and “zero discharge”

VT

Technical Policy

% {Technical policy for municipal wastewater
reclamation and reuse) (2006)

* Guideline for the criteria and standards of municipal
wastewater reclamation and reuse

* To lead the development of technologies and devices of
wastewater treatment

« Technical basis of urban landscape construction, water
environment and wastewater management c




Technical Policy

% {Technical policy for municipal wastewater
reclamation and reuse) (2006)

Goal of Recycling Rate

Recyclin
City of water shortage
Northern areas 10~15 20~25
Southern coastal areas 5~10 10~15

Design Criteria

{Code for design of wastewater
reclamation and reuse)

Municipal
Wastewater {Code of design for building
reclaimed water system.)

v

Industrial 2003 2008 2011

Wastewater | (Code for design of industrial
recirculating cooling water treatment))

{Code for design of wastewater treatment and
reuse of chemical industry)

{Technical specifications for wastewater treatment
and reuse of iron and steel industry (draft))

AR i i A

Water Quality Standards

“Standards for the reuse of urban recycling water

{Classified standard)
L 2002 {Water quality standard for urban miscellaneous water

consumption))
{Water quality standard for scenic environment use)

{Water quality standard for industrial uses)
{Water quality standard for groundwater recharge)

2007 { Water quality standard for farmland irrigation water)

2005

2010 { Water quality standard for green space irrigation)

v

4. Reclaimed Water Reuse in Beijing

Wastewater reclamation and reuse in Beijing

Agricultural irrigation } Large volume

Industry of water
Purpose of
reclaimed 3 Water resource replenishment
water Landscape High probability
reuse o - } of contaction
Municipal utility with people

ater reclamation and reuse in Beijing
* In China, reclaimed water is an important water resource
in big cities, including Beijing and Tianjin.
* In 2009, Beijing’s reclaimed water amount was18% of
total water consumption.

Water use of Beijing in 2002~2009 Future plan for Reclaimed water

v

"E Ground [ Surface [ Reclaimedpy Water ~ 12
= 4 water water water transfes £
2 = 1.0
= 2
) = L
< 3 = 08
E g
E 06
£ E
z £ 04
£ :
=
z % 02
0 Z 0
2002 2003 2004 2005 2006 2007 2008 2009 2009 2015

E
Year Year




Wastewater reclamation and reuse in Beijing

Reclaimed water supply of Beijing Drainage Group Co.
Ltd. in 2009 (18% of total water supply)

Municipal utility

Surface water 2.2%

recharge

16.8%
Industrial cooling
water, etc.
Agricultural 53.7%
irrigation
27.4%

Wastewater reclamation and reuse in Beijing

Reclaimed water treatment plants and pipe system (2009)

!
- By Ms. Y. Gan, Beijing

Drainage Group Co/]
o Ll [ |

Reclaimed water supply stations in Beijing

—
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5 By Ms. Y. Gan, Beijing

- - 2 >4 |
"I, WM Drainage Group Co. Lid.

Industrial wéteg_ reuse in Beijing
FEHE oK T e R 5 AT B

Shijingshan power plant
40,000 m¥/d
nggong power plant
24,000 m¥/d

Gaojing power plant
40,000 m¥/d

uaneng power plant
40,000 m¥/d

© = == == Xiaohongmen "
Lugougiao & — — 9

W aeme

7
= W owmm e !

!

3 By Ms. Y. Gan, Beijing |
‘%.r b Drainage Group Co. Lid.

b BT Rk G HE R itk 43 7 [ |

o, Reclaimed water for green irrigation
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Water environment in
Olympic Park
(Olympic Games, Beijing 2008)

* Olympic Park locates at the north
end of the axis of Beijing city and

Water Cube
National

Bird's Nest
3 Olympic Stadium

4
b
{

was designed as an ecological
park with waters and hills.

* The whole water system was
designed as Chinese drageﬁ_shapé. y

B |l




Main Lake in the Beijing Olympic Forest Park
» Main Lake is a newly constructed artificial lake
* A typical shallow lake in north China, 1.6 m mean depth.
* With more than 20 ha surface water area

* Reclaimed water was utilized to feed it up to the designed water
level in March of 2007

is the predominant supplementary water source

.,-’,;E1 o B "

Reclaimed water reuse in Olympic Park

Qinghe
Reclamation
water plant:
Total capacity lgmi
80,000 m*/d
(60,000 m*/d
supplying in
Olympic Park)

Beixiaohe
Reclamation water
plant: Capacity
60,000 m*/d (MBR
process)

—3

Water quality irements of water reuse in Beiji

* The requirement for the quantity and quality of
the reclaimed water increase continually because
of the water shortage.

* So water quality upgrading become an alternative
way to develop water resources .

+In 2007, Beijing government proposed to upgrade
the water quality of reclaimed water to reach the
surface water environmental quality standards in
Class IV, to recover the function of surface Watg;_
environment. L

PR il

The water quality requirements of water reuse in Beijing

Comparisons of the different standards

Standards Wastewater discharge
Water Quality Class slt:nda“::slass 1A Surg;::swléter
(mg/L)
CODcr 60 50 30
T-N 20 15 1.5(10)
NH,*-N 8(15) 5(8) 1.5
T-P 1 0.5 0.3
SS

5. Challenges for Risk Management
of Reclaimed Water

Pollutants in wastewater and their risks

» Pathogenic organisms
* Toxic chemicals

-Disinfection by-products(DBPs) @
-Persistent organic pollutants »
-Endocrine-disruptors (EDCs) Ecological risk
-PPCPs ’ "

. andscape
« Nitrogen, phosphorus = EalEiluCElll damagz

Emerging pathogens & chemical pollutants !!

Safety evaluation and risk management |

of reclamation water! v

-




Pollutants in wastewater and their risks 5.1 Pathogens of concern in wastewater

Pathogens in wastewater cause immediate and acute disease.

Strategy for Risk Management

: Conc.
of Wastewater Reclamation and Reuse Pathogen Disease (CFU/100
mL)
Fecal coliform 104-10°
. Supply and storage - Fecal
Reclamation process X Reuse sites 104-108
water quality safeguard (Watel:-quallty (Risk control) streptococcus diarrhea
degradation control Shigella 1-1000
Salmonella 1-1000
Parasite eggs 1-800
diarrhea,
Enteric viruses  respiratoryand  100-50000
liver damage P X
Giardia lamblia  diarrhea '50-104 |

Disinfection is the necessary process for water reuse

5.1 Pathogens of concern in wastewater 5.1 Pathogens of concern in wastewater

. . . .. . “Adenovirus
» Evaluation index of reclaimed water disinfection
2]
=
— Agar-plate cultivation (colonies) is used to determine the §° Chlorine
existence of pathogens in reclaimed water £ Disinfection
. . . =3
— 80% of microorganisms are viable but non-culturable 2
(VBNC) s B
z 9 -
— Novel pathogens of concern, such as norovirus, g2 5 = 40mJiem?
Cryptosporidium and Giardia, etc £ “ Rotairus
P T 3 “Blial
— Harmful genes are emerging as new contaminants of é Prqtlzlg:tion
pathogens £ o UV Disinfection
. a .
" - Legjonella
o ! e o {
E_coli

vvw il Chlqﬁﬁne CT - . i
ii CHeRNIEEE (11

Disinfectants-resistant pathogens Disinfectants-resistant pathogens

 Cryptosporidium & Giardia * Viruses

— Two novel protozoa with high pathogenicity and chlorine Long survival in

* Hepatitis viruses .
water

resistance as contaminants in water and wastewater

— Difficult to detect because of low recovery rate and high cost * Norovirus
o « Rotavirus Low QOSage to
. . o infection
5w B G * Poliovirus
2 .C .. Difficult to be
5 o g oxsakie virus
Cryptosporidium 2 1 1
yPLospc ! ) mactlvafed by
£ *Echovirus conventional
-% 1 disinfectants
i » Harmful genes
Giardia . I * Virulence genes ' peup .

Influent  Primary  Sccondary  Colgulation &  sandfilration
Tt e % Eepes

A :
Protozoa and their infection route Removal of protozoa during conventional I * Antibiotic resistance genes i m;¥ 1 vww ot 4
4 1. T .
< Ll JCLRR &ﬂ

wastewater treatment process




“Super bacteria” in “Super bacteria” in

Harmful genes in reclaimed water

§ " i 22 Average value
é A Media value
* Plasmids with multiple resistance genes and 2 8or -

. . _A PEN: penicillin
virulence factors release from bacteria after % =l 77 Z? st
inactivaiton 3 ) o | o ioumpania

- Broad spectrum B-lactamase genes é w0l éé zz éé % P

- Virulence island in E. coli O157:H7(including eae in 5 % %/ % %

LEE island, v genes in preprophage, Aly, katP, espP, g 200 % % % /
toxB and stcE genes in pO157 etc. 8 % % % % 77
* Phage with Shiga-toxic genes in wastewater € olLEZ . 7 Z 7 2.4

o
T
-
\
i,
P
m

PEN AVP CEP

T
i

&
be)

S

Disinfection b: Development of advanced disinfection technol

. ) L N: Control of pathogens with high risks and disinfectants by-
* Increase of genotoxicity and anti-estrogen activity after products (DBPs)

chlorination.

Pathogens with high risks
+
Harmful genes
+
DBPs & Biotoxicity

Disinfectants resistance

' pathogens
+

1))4: 1

o
S

Conventional
pathogens

SR (mg L) (837
-——-0

—=—10

Effect of Bromide i

S
3

* Chlorine
* Chlorine * UV-chlorine
* Chloramines
* Chloramines » UV-ozone/peroxides

* Ozone

0
S

* 0zone

SN~

0.5 * Ozone-peroxides

Genotoxicity (ng-4-NQO-L)
=
&

« Ultraviolet light ~

Y

°

5 10 15 20 25 30 35

0
NH,"-N (mg-L-1)

Anti-estrogen activity (mg-TAM-L")

Before After  After M. Tmrs
Effects of ammonia on genotoxicity chlorination 3"1;2:: g‘;" ‘Cx:l;r;:"o" .
3 (10mg/L)
i
Ll b 451
5.2 Toxic pollutants and their risks
( *Persistent organic pollutants (POPs)
BAMENEEY Risks E:E?é:;:;e:minylesmdiol
- *Pharmaceuticals & personal care D || B el
R .. & 80 | E3: estriol,
B56% products (PPCPs)Za@ 5 ARG Toxicity 2o | Nronnhenl
=3 ; : : bispheno
,’5%% < *Endocrine disruptors (EDCs) q A e q;, L B
Toxins M5 TFH 4 ccumulation E
*Nanoparticles 2K EiHi4) m 30 51132
*Emerging disinfection by-products = < ——E
\U gray sl g ——NP
*ﬁ/\lﬁﬂﬁiur‘% 22 —a—BPA
. . . Sl —e—E3
Emerging toxins are detected in wastewater < DBP
Polychlorinatedbiphenyls <+ Nonylphenol Phthalate acids 0 L 1 L L
- . 10° 102 10! 1n° 10’ 10" 10° 10*

L4 Estrogenic activity (ng-E2/L)

Estrogenic activity of typical endocrine disruptor in the
effluent of wastewater treatment 2plants
L]

B
3




5.3 Challenges of toxic chemical evaluation

Importance of bio-toxicity tests (bioassay)
e Many pollutants/DBPs are unidentified or uncharacterized
by existing analysis methods.
o Toxicities of many pollutants/DBPs remain unknown.
e Mixture effects of pollutants/DBPs toxicity are complex.

Bio-toxicity tests are more comprehensive and
intuitionistic for evaluating risks induced by chemical

pollutants/DBPs.

Measuring toxicity changes during chlorine disinfection

is important for evaluating and guaranteeing the safety of !

reclaimed water. R
o P TIN  T .

Zebra fish embryonic
development test

Daphnia test
Acute & chronic tc

hotobacteria metho
( Acute toxicity )

SOS/umu
(Genotox

5.4 Reclaimed Water Distribution System

% Control of water quality deterioration

Corrosion

Chemical
Stability
Growth of
Biological microbes
Stability
Formation of
Biofilm

5.5 Water resource replenishment-health risk

* Direct Supplement

Secondary Advanced

Effluent Treatment Drinking
Water |—— coOnsumer

Drinking Treatment
Water -
Resource

+ Indirect Supplement (planned)

Drinking
water [~ consumer
treatment

.,,JJ ~ '
« Indirect Supplement (Unplanned, e&_r' ) %i vvw il
VReARIEEE iy

Secondary |__| Advanced
Effluent Treatment

—

6. Future Works

757K A A iRER

Issues on Wastewater Reclamation and Reuse

< B kKRR £EE Reclaimed water quality
v imRRMEI K Effective and safety disinfection
v BB ER Micro-pollutants removal
v EsERREERM Advanced nutrient removal
v BRELSRHE R ALIE Desalination/brine treatment
v AP4EEER  User's special requirements

5K BAELIET Z Advanced wastewater reclamation process

IXBERFIEITHE R R
; : o !
Water quality and operation monitoring system

Rl
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Issues on Wastewater Reclamation and Reuse

< BHEIKHEIF A M/ RFRXEE Long term/
accumulative risks
VERFA: SRYNRRE (DIBEAMBTKFE)
Agricultural and green irrigation (soil and
groundwater pollution)
VENAMEFIR: BSBEESEYRE
Accumulation of POPs, metals and harmful genes
o T ERKFEESNCRELIBRGHIKREL2RE
Reclaimed water safety management for the combined
treatment process of industrial and municipal waﬁtewaters

% BA K fi#TEStorage of reclaimed watexl
. L

u
A.i,‘_’

57K F AR

Issues on Wastewater Reclamation and Reuse

SISKBEFRRS: SHETRMRMITE?

Centralized system or onsite/point-of-sale system ?
v & & Constraints of Centralized system
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Difficult to simultaneously meet the various user’s
requirements in quality and flow-rate
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Better for the users near a WWTP or have similar quality
requirement &larger demand P
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Thank You !

Contact information.

Prof. HU Hong-
School of Env nonment Tsinghua Unn rersity, Beijing, China
hyhu(a tsinghua:.edu.cn
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